INTRODUCTION
Although pyridine has been a familiar compound to chemists for many years, the heavier Group V congeners phosphabenzene, arsabenzene, stibabenzene, and bismabenzene have only recently been synthesized (1) (2) (3) . Investigations of the physical, structural, and electronic properties of this series of compounds should provide information useful for interpreting and testing theories of bonding and aromaticity. Previous studies on arsabenzene include a structure determination by electron diffraction (4) which indicated a planar structure, a short As-C bond length and C-C bond lengths typical for aromatic compounds. A preliminary report of the photoelectron spectrum of arsabenzene along with theoretical calculations has provided a tentative assignment of its highest filled molecular orbitals (5) . CNDO (6 ) a an a initio (6b) MO investigad b tions of its electronic structure have also been reported. Our investigation contributes data obtained from the analysis of the microwave spectrum of arsabenzene including the rotational constants, the molecular dipole moment, and the 75As nuclear quadrupole coupling constants.
EXPERIMENTAL DETAILS
Microwave transitions were measured at room temperature with an 80 kHz Starkmodulated spectrometer using both oscilloscope and recorder display. Uncertainties in the measured frequencies were estimated at fO.10 MHz. The preparation of the sample has been previously reported (1).
1 Author to whom correspondence can be sent. Ground slate spectrum. The structural parameters from the ED study (4) were used to predict the microwave spectrum. That study correctly predicted a p, dipole spectrum with rotational constants within l-3 MHz of our final values. Hence in spite of a dense, somewhat weak spectrum, the assignment of the ground vibrational state was relatively easy. The transitions were identified initially by their quadrupole hyperfine splittings and the expected direction of their Stark shifts. Fifteen R-branch u-type transitions were assigned; they are listed in Table I . The derived rotational constants and moments of inertia are given in Table II . The rotational constants were determined by a leastsquares fit of the hypothetical unsplit frequencies (~0) which would occur in the absence of quadrupole interaction.
The uncertainties listed are twice the standard deviations. No excited vibrational states or isotopically substituted species were assigned. Figure 1 depicts arsabenzene in its principal axes system.
Quadrupole hyperfine structure. All transitions were found to be split into several components due to the presence of the 75As atom with a nuclear spin I = 8. The observed quadrupole components for several transitions are listed in Table III . Splittings of the observed transitions were fit by a least-squares procedure to the parameters eQqa = X,, and eQqav = Xbb -X,, using Ref. (7, , (6-19)) and data calculated from the Beaudet asymmetric rotor program (8) . First-order corrections were satisfactory for fitting the observed spectrum. The coupling constants are listed in Table IV. As a check on the analysis, the splitting for the 303 -+ 404 transition was independently calculated using Ref. Dipole moment. The molecular dipole moment was determined by observation and analysis of the second-order Stark effect. Stark measurements were made at low electric field values (shifts between 2 and 5 MHz) so that the "weak field" approximation could be applied. In this approximation, the Stark effect is treated as a small perturbation on the quadrupole energy. A particular level is then characterized by the set of good quantum numbers J, I, F, and ~M.K Equation (10-30) in Ref. (7) was used to calculate the Stark shifts for an energy level. The value of 0.7152 D for OCS was used to calibrate the electric field. Table V lists the experimental measurements of the second-order Stark effect as well as the total dipole moment of arsabenzene which lies coincident with the a principal axis (~(b = 1, = 0, by symmetry). The uncertainty in the dipole moment is the standard deviation when computed from the four Stark coefficients in Table V . The agreement with the calculated Stark coefficients is not as good as normally expected by this technique but it appears satisfactory in view of the small shifts observed and the difficulty of observing clear, resolved Stark components for transitions of weak intensity with an overlapping hyperfine component.
ANALYSIS AND DISCUSSION
Structure. Two observations can be made from the spectral analysis. First, the expected Czo symmetry of the molecule is affirmed by the apparent lack of ,.&b and pclc dipole components. Second, the small positive value of the inertial defect, I, -Ib -I, av o frequencies listed in Table II. b These transitions were not used to determine the quadrupole constants since some components were not resolved.
= 0.064 hA2, is typical for molecules of this type and is strongly supportive of a planar conformation.
It is not possible to determine unambiguously a more detailed structure from the rotational constants since there are more structural parameters than experimental data. It is possible to estimate the As-C bond length and the C-As-C angle by making suitable assumptions for the other structural parameters. However, there was little reason to undertake this in view of the excellent agreement with rotational constants calculated from the ED structure (4) . Therefore the observed rotational constants are consistent with and support the structural conclusions in that report. Nuclear qua&pole coupling constants. The coupling constants in Table IV due to the '"As nucleus provide information about the electric field gradients about the As atom along the principal inertial axes (Fig. 1) . The interpretation of such data has been extensively discussed; the recent discussions by Gordy and Cook (II) and Lucken (12) are excellent summaries of many aspects.
A semiempirical formula for interpreting nuclear quadrupole coupling constants (NQCC) was first suggested by Townes and Daily (13) . They assumed that the field gradient at a nucleus arises entirely from the electron population in the valence p 
where qz is the field gradient along the z axis in the molecule, $ is the field gradient for one p electron in the isolated atom and n,, ny, and nZ are the electron populations of the respective p orbitals in the molecule. This equation implies that d orbitals and external charges (nuclear and electronic) do not contribute to the NQCC except indirectly as they affect the populations of the p orbitals. This appears to be a good approximation for heavier elements (11) (12) (13) (14) (15) . From Eq. (l), the data in Table IV , and the value of q" = -400 MHz estimated for arsenic (II), several relationships are obtained : 
From symmetry, n,, nb, and n, refer to the 4p orbitals oriented along the principal axes (Fig. 1) . From these equations it is seen that n, > nb > n, but individual values cannot be obtained since only two equations are independent. Values might be calculated using a hybridized orbital scheme as was previously done for pyridine (11, 12) . To prove tractable, this procedure must neglect d orbital participation, a more questionable assumption in this case. 3 We will limit discussion to some remarks regarding the relative values of n,, fib, and n,.
The fact that n, has the largest value indicates that there is an excess of electron charge in the p orbital along the a axis relative to the other two axes. This would be consistent with that orbital participating in the lone pair orbital on the arsenic. Similarly, since n, has the smallest value, a deficiency of charge in the out-of-plane p orbital relative to the in-plane p orbitals is indicated. Furthermore, it seems safe to conclude that at least n, < 1 and that there is therefore a donation of charge to the other ring atoms through the p, = p, orbital. If n, > 1 (which implies that n, and nb are also > l), a negative charge on arsenic would result. This is unlikely since arsenic is electropositive relative to carbon.
Although this analysis indicates that the out-of-plane p orbital is a donor of electrons to the r system, one must be cautious before assuming that arsenic is a a donor overall; the effect of other orbitals must be considered, in particular the 4d orbitals on the arsenic. Participation of these orbitals would return electron density to the arsenic. 
LAlTIMER ET AL.
To gain additional insights on the ?r system, as well as the u system, the results of MO calculations can be examined. Neither the CNDO nor the ab initio calculations (6) reported individual orbital populations permitting direct comparison. However, both analyses concluded that arsenic donates electrons in the u system but accepts electrons in the ?r system. This would be consistent with our premise that n, < 1 only if there is sizable participation by the d orbitals. On the other hand, EHMO calculations (described in the Appendix) indicated both u and x donation occurring with n, > nb > n,. However, the EHMO calculations did not give good agreement with all the observed NQCC (typical values were X,, = -283 MHz, &b = 127 MHz, and X,, = 156 MHz). Also, the order of some of the energy levels disagreed with the tentative assignment based on the photoelectron spectrum (5).
In summary, the observed NQCC indicate that n, > nb > n,. Considering that arsenic is electropositive relative to carbon, at least n, < 1, which implies that the p, orbital donates electrons to the ring atoms. Semiempirical EHMO calculations qualitatively support these conclusions and indicate that arsenic is an overall ?r donor; however, the preliminary CNDO report and the ab initio calculation indicate arsenic is an overall ?r acceptor. Further investigations of the electronic structure of arsabenzene and tests of the validity of the Townes and Daily equation, Eq. (l), will be needed to resolve this question.
APPENDIX: EHMO CALCULATIONS
The structure reported in Ref. (4) was used. Matrix elements were generated by the formula Hij = 0.5 R (Hii + Hji)Sij with R = 1.75. The orbital parameters chosen are listed in Table VI . The VOIP for the As 4d is the parameter most difficult to choose and the EHMO numerical results are very dependent on its value. The value in Table VI was chosen using a procedure outlined by Wong (16) 
